Introduction 24
South of Denmark Strait, the East Greenland boundary current system consists of a complex 25 set of currents ranging from the inner shelf to the base of the continental slope (Fig. 1) . The densest, 26 offshore-most component is the Deep Western Boundary Current which advects recently 27 ventilated overflow water equatorward (Dickson and Brown 1994) . Farther up the slope is the East 28
Greenland Spill Jet which is formed by dense water cascading off the shelf south of Denmark Strait 29 Strait and Cape Farewell (Fig. 2) . It must be kept in mind that most of the shipboard data were 52 obtained in the summer months. While year-long mooring data indicate seasonal variability in the 53 hydrographic properties of the current (Harden et al. 2014) , to date no mooring arrays have been 54 deployed that capture its full transport. The model study of Bacon et al. (2014) suggests that the 55 EGCC has a pronounced annual cycle in transport, with nearly twice the equatorward volume flux 56 in winter versus summer. Although the existence of the EGCC is now well-established, there remains considerable 64 uncertainty regarding the current's origin and fate. Bacon et al. (2002) suggested that the EGCC 65 results predominantly from meltwater and runoff from Greenland. Sutherland and Pickart (2008) , 66 on the other hand, argued that the current is formed mainly via a bifurcation of the EGC/IC just 67 south of Denmark Strait. Considering the shelfbreak jet and the coastal current as a single system 68 was the only way that Sutherland and Pickart (2008) 
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This value, which is also comparable to the freshwater flux computed by Sutherland and Pickart 87
Labrador basin (Myers 2005; Straneo 2006) , and is predominantly responsible for both the 111 seasonal and interannual variabilities (Schmidt and Send 2007) . The factors influencing the salinity 112 of the west Greenland current are a combination of advection from upstream (Rykova et al. 2015 ) 113 and local ice melt (Myers et al. 2009) . 114
The present study investigates the kinematics, dynamics, water mass characteristics, and 115 transport of the coastal current as it rounds Cape Farewell, progressing from the east Greenland 116 shelf to the west Greenland shelf. The overall aim is to shed light on the evolution of the current 117 and the fate of the freshwater that it transports. We use data from a cruise that was carried out in 118
August 2014 which included eight high-resolution sections in the vicinity of Cape Farewell. We 119 begin with a description of the shipboard data and the definition used to isolate the coastal current. 120
We then present the statistics of the current, highlighting the differences on the two sides of 121
Greenland. Finally, we address the offshore flux of freshwater from the current and possible 122 mechanisms driving this, including the role of the bathymetry and the dynamics of the circulation. 123 124
Data and Methods 125 a. Observations 126
The main source of data used in this study is from an August 2014 cruise on the R/V Knorr, 127 carried out as part of the Overturning in the Subpolar North Atlantic Program (OSNAP). Eight 128 sections were occupied across the east and west Greenland shelves around Cape Farewell (Fig. 3) . 129
In all but one case (section k3) the inner-most station was occupied as close to shore as permitted 130 by the vessel, and except for section k1 each of the lines extended across the shelfbreak onto the 131 continental slope. A conductivity-temperature-depth (CTD) cast was done at each station using a 132
Sea-Bird 911+ system on a 24-place rosette with 10-liter bottles. The thermistors underwent 133 laboratory calibrations pre-and post-cruise, and the conductivity sensors were further calibrated 134 using water sample salinity data. Vertical sections of hydrographic variables for each transect were constructed using a 156
Laplacian-Spline interpolation routine, with a horizontal grid spacing ranging from 2 -5 km and 157 vertical grid spacing of 10 m. The variables considered were potential temperature referenced to 158 the sea surface, salinity, and potential density referenced to the sea surface. Absolute geostrophic 159 velocities were computed by referencing the thermal wind shear to the ADCP velocities. 160
Specifically, interpolated sections of thermal wind shear were referenced to interpolated sections 161 of cross-track ADCP velocity at each grid point, where the matching was done over the common 162 depth range of the two measurements. Vertical sections of absolute geostrophic velocity were then 163 constructed, as were sections of Ertel potential vorticity (see Section 6 for a presentation of the 164
potential vorticity). 165
A 12 kHz Knudsen echosounder provided high resolution bottom depth data along each 166 section. Using these data, we objectively identified the location of the shelfbreak along each 167 transect as the point corresponding to the largest along-section gradient of the slope. This was done 168 by differencing the depth at each point with the depth at the inner-most point (which serves to 169 avoid issues due to isolated anomalous features in the bathymetry). The distance to shore at the 170 inner-most stations for sections k1 -k7 was obtained using the Knorr's radar during a 2016 171 OSNAP cruise which repeated these sections (for section k8 we estimated this distance using a 172 chart). 173
Measurements of in-situ wind speed and direction were obtained at 1-minute intervals using 174
Knorr's meteorological systems on the port and starboard sides of the ship. The true wind vectors 175 were computed using the Shipboard Automated Meteorological and Oceanographic System. 176 177
b. Definition of the Greenland coastal current 178
Previous studies have used different criteria to define the location and width of the EGCC. The lateral range of the current was taken to be where the velocity is 15% of the peak value, and 185 the vertical scale defined as the depth where the 34 isohaline intersects the bottom. 186
Here we define the Greenland coastal current based only on the velocity structure. The lateral 187 range corresponds to 15% of the peak along-shelf velocity (following Sutherland and Pickart 2008) , 188 and the vertical scale is taken to be the depth of the zero-crossing in velocity or the bottom depth. 189
The along-shelf direction is perpendicular to each transect (positive equatorward) and the cross- The vertically-averaged ADCP vectors 2 clearly show these lateral shifts in the coastal current 213 (Fig. 5 ). In particular, the coastal current vectors are directed offshore at section k5, remain parallel 214 to the shelfbreak at section k6, and then are largely directed onshore again at section k7. Using 215 these vectors as a guide, together with the flow farther offshore, we constructed a schematic of the 216 circulation in the vicinity of Cape Farewell ( from the east Greenland current to the west Greenland current. As mentioned in the introduction, 218 this includes the Irminger current portion which advects warm and salty subtropical-origin water 219 equatorward. Rather than merging with the shelfbreak jet to form the west Greenland current, as 220 suggested by previous studies, our data indicate that the coastal current briefly interacts with the 221 shelfbreak jet but tends shoreward again as it flows northward. As such, we contend that the coastal 222 current maintains its identity, and refer to it as the west Greenland coastal current (WGCC). As 223 mentioned above, the WGCC appears to bifurcate where it is first diverted offshore, with a small 224 branch flowing along the inner-shelf. The basic characteristics of the coastal current as it flows around Cape Farewell (sections k1 239 -k4 as the EGCC, k5 -k8 as the WGCC) are listed in Table 1 . One should keep in mind that the 240 sections on the east side of Greenland, as well as the section at the southern tip, did not completely 241 capture the inner part of the coastal current. This is true despite the fact that, except for section k3, 242 the inshore-most stations were very close to shore (Table 1) . Therefore, the calculated transports 243 presented below are slight underestimates for these transects (though not by much). The mean 244 width over all sections is 22.1±4.5 km, consistent with previous studies. The maximum along-245 shelf velocity in the core of the current varies from 0.33 to 1.10 m s -1 , with generally smaller values 246 on the west side of Greenland. This results in a decrease in transport of the WGCC versus the 247 EGCC. Notably, however, when taking into account the small bifurcated branch of the WGCC 248
(bracketed values in Table 1 ), the volume transport of the total coastal flow is essentially conserved 249 as it rounds Cape Farewell (there is a drop at the last section, k8). The overall mean transport of 250 both branches of the coastal current is 1.09±0.26 Sv, in line with previous studies (Fig. 2) . 251 252 transport of the coastal current for each section using a reference salinity of 34.8. As with the 260 volume transport, the freshwater transport of the EGCC is larger than that of the WGCC (the 261
Interaction of the Greenland coastal current with the shelfbreak flow 268
The decrease of freshwater flux on the west side of Greenland motives us to delve more 269 closely into the factors resulting in this loss and the potential consequences. Fortunately, some of 270 the sections extended into the basin (see Fig. 2 ) allowing us to investigate more extensively the 271 full boundary current system on either side of Greenland. We now consider two transects -section 272 k2 east of Cape Farewell (~100 km long) and section k6 west of Cape Farewell (~220 km). Note 273 that k6 is located where the coastal current abuts the shelfbreak current (Fig. 4) . The distribution of properties in the vertical plane at transects k2 and k6 highlights some of 305 the differences between the two sides of Greenland (Fig. 7) . On the shelf, both sections contain 306 surface Arctic-origin water atop deep Arctic-origin water. However, on the east side of Greenland 307 the wedge of coldest/freshest water is adjacent to the coast, forming a front well inshore of the 308 shelfbreak, compared to the west side of Greenland where the wedge extends to the outer shelf. 309
The signature of Atlantic-origin water offshore is also different in the two sections. In particular, 310 both the upper and deep Atlantic-origin waters are warmer and saltier on the east side of Greenland. 311
One notable difference between k2 and k6 seaward of the shelfbreak is the layer of near-312 surface fresh water that extends into the interior at section k6. In Figs. 7e and 7f we have marked  313 the portion of the water column where S < 34.8 (grey dots in the figure). One sees that the 314 freshwater is present in the upper 50m (potential density < 27.0 kg m -3 ) all the way to the offshore 315 end of k6. This is consistent with the enhanced stratification of this buoyant layer (compare Fig.  316 7e with Fig. 7f ). By contrast, the 27.0 isopycnal outcrops near the shelfbreak at section k2 (this is 317 true as well at section k3 on the east side of Greenland, not shown). 
is highlighted in panels (e) and (f). 325 326
The vertical sections of absolute geostrophic velocity for transects k2 and k6 show that, even 327 though the coastal current has transitioned from the inner shelf to the outer shelf as it rounds Cape 328 Farewell, in both locations it is distinguishable from the shelfbreak current (Fig. 8) . There is, 329 however, evidence of exchange between the two flows at section k6. The layer of freshwater in 330 the interior, noted above, corresponds to the mixed water type identified in Fig. 6 . In particular, it 331 is the water along the mixing line between the upper Atlantic-origin water and the surface Arctic 332
water. All instances of this mixed water are marked by grey dots on the vertical sections of velocity 333 in Fig. 8 . While this water is present seaward of the shelfbreak on the west side of Greenland, it is 334 virtually absent on the east side. where . /'0 and . are the air and water density, respectively, 1 23 is the surface atmospheric drag 385 coefficient, 1 4 is the drag coefficient at the seafloor, U is the wind speed, 8 C is the reduced gravity, 386 f is the Coriolis parameter, Q is the volume transport of the current, and K is the inverse Froude 387 number. When |W s | > 1 the current is predominantly wind-driven, otherwise buoyancy forcing 388 plays an essential role. Using the shipboard wind and hydrographic measurements, we evaluated 389 Another possible factor that could lead to separation is the curvature of the coastline around 397
Cape Farewell. Previous studies have shown that, for a small enough value of the curvature, a 398 current will not stay attached to the coast. Separation occurs when the inertial radius of the current, 399 u/f, where u is the current velocity, is larger than the radius of curvature of the cape (Klinger 1994) . 
c. Effect of Topography 407
The most obvious candidate appears to be the change in the topography of the shelf on the 408 two sides of Cape Farewell. As seen in Fig. 3 , the shelf widens on the west Greenland side. As 409 explained in Section 2.2, we quantified this by computing the distance of the shelfbreak from the 410 coast at each transect using the ship's echosounder data together with its radar information. This 411 distance is compared to the cross-shelf position of the core of the coastal current in Fig. 11 (we 412 omit sections k1 and k8 from the figure because k1 did not cross the shelfbreak, and we did not 413 get a radar measurement of the coast at k8). One sees that the coastal current shifted nearly 50 km 414 offshore between sections k5 and k6 where it flowed adjacent to the shelfbreak before veering 415 back onshore by roughly 10 km at section k7. Inspection of the bathymetric contours in Fig. 3 suggests that a canyon cuts into the shelf 423 just to the west of section k5, and that the 100 m depth contour is directed offshore on the west 424 side of the canyon. This begs the question, does the coastal current simply follow the isobaths 425 offshore at this location? Unfortunately, it is impossible to answer this question using the ETOPO-426 2 bathymetry, as we found that it disagrees significantly from the actual bottom depth over much 427 of the survey region. Note that the ETOPO-2 data suggests that the coastal current veers offshore 428 upstream of where the bathymetry bends offshore, implying a strong cross-shelf component at k5. 429
During a subsequent OSNAP cruise (in August 2016) we occupied two additional transects 430 between k5 and k6. This allowed us to determine the precise displacement of the isobaths in this 431 region, and in Fig. 11 we plot the location of the 150 m isobath from k5 to k6. This offers 432 convincing evidence that the coastal current does indeed follow the isobaths offshore, and that this 433 is the primary reason for the separation of the current from the coast. While the 2016 data are the 434 subject of another study, we note that the coastal current was observed to separate from the coast 435 is the tilting vorticity. Changes in the both vertical shear of velocity and the lateral buoyancy 453 gradient affect the tilting term (see also Hall 1994 ). Here we focus on the top 100 m of the water 454 column at section k6, delimited by the dashed green box in Fig. 8 . 455
The different terms of Π allow us to make assertions regarding the stability of the flow (Fig.  456   12) . Overall, the Ertel potential vorticity is dominated by the stretching term (which is well 457 matched with the pattern of buoyancy frequency, Fig. 7f ). However, there are important 458 differences due to the other components of the vorticity. The ratio of the relative vorticity term and 459 stretching vorticity term (which is also the ratio of relative vorticity (ζ) and planetary vorticity) 460
shows large values of both the negative and positive relative vorticity on the anti-cyclonic and 461 cyclonic sides of the coastal current, respectively. Such high values, exceeding 0.5f, suggest that 462 the current is non-linear and may be subject to barotropic instability (e.g. Pickart et al. 2005 ). The 463 ratio of the tilting vorticity to stretching vorticity shows large negative values near the core of the 464 current where the isopycnals are steeply sloped, corresponding to the hydrographic front between 465 the Arctic-and Atlantic-origin water (Fig. 7d) . Together with the negative values of ζ, this results 466 in a region of negative Π in the core of the coastal current. 
color). (d) 485
The ratio of tilting vorticity to stretching vorticity (color). 486 487
Conclusions 488
Data from a shipboard survey of the Cape Farewell region in summer 2014 was used to 489 quantify the evolution of the Greenland coastal current as it navigates around the southern tip of 490
Greenland. It was found that the current maintains its identity as it flows from the east side of the 491 cape to the west side, instead of merging with the shelfbreak circulation, as has been suggested in 492 previous studies. However, the bulk of the current detaches from the coast near the southern tip 493 branch of the coastal current remains inshore, and, when taking this into account, the total volume 495 transport of the current (order 1 Sv) is conserved as it goes from the east Greenland shelf to the 496 west Greenland shelf. 497
In contrast to this, the freshwater transport of the total coastal current system was found to 498 decrease significantly where the main part of the flow transposed offshore. At section k6, on the 499 west Greenland side of Cape Farewell, there was a large amount of freshwater found far offshore 500 of the shelfbreak in the upper stratified layer. A water mass analysis indicated that this water was 501 a mixture between the surface Arctic-origin water on the shelf and the upper Atlantic-origin water 502 on the slope. This indicates that there is substantial mixing where the coastal current and shelfbreak 503 current flow side by side, leading to an offshore flux of freshwater which likely explains the drop 504 in freshwater transport of the coastal current. 505
We considered several mechanisms that might lead to the offshore transposition of the 506 coastal current as it rounds Cape Farewell. The data suggest that wind is not the main driving 507 factor, nor is the curvature of the coastline which has a much larger radius of curvature than the 508 inertial radius of the flow. We argue that the coastal current shifts offshore due to the change in 509 topography near the southern tip of Greenland. Using accurate shipboard echosounder data, we 510 demonstrated that the coastal current follows the isobaths as they bend offshore due to the 511 widening of the shelf on the west side of Cape Farewell. 512
Evaluation of the potential vorticity (PV) structure of the coastal current, where it flows 513 adjacent to the shelfbreak, allowed us to make assertions regarding the stability of the flow. The 514 change in sign of the lateral gradient of PV with depth implies that the coastal current is 515 baroclinically unstable. The large values of relative vorticity (exceeding 0.5f ) suggest that the flow 516 may be barotropically unstable as well. In addition, the large negative values of the tilting vorticity 517 lead to a region of negative PV in the core of the coastal current, indicating that the flow is subject 518 to fast-growing symmetric instability. This condition arises from the strong vertical shear of 519 velocity and the weak vertical density gradients associated with the sharp hydrographic front 520 between the Arctic-origin shelf water and Atlantic-origin slope water. 521
The combination of the coastal current veering offshore to the shelfbreak on the west side of 522
Cape Farewell, in conjunction with the instability of the flow, can explain the conditions leading 523 to the off-shelf flux of freshwater in this region. Such a freshwater flux into the basin could impact 524 the occurrence of convection in the Labrador Sea, both by leading to a stratified cap that would 525 inhibit overturning, and by influencing the restratification after the occurrence of convection. The 526 impact is made greater by the fact that the coastal current carries the freshest, most buoyant water 527 from the north, including meltwater and run-off from the Greenland ice sheet. It would be 528 interesting to identify other areas along west Greenland where the coastal current may be diverted 529 to the edge of the shelf, to determine if there are additional "optimal" source regions for freshwater 530 to enter the interior. It would also be enlightening to quantify the seasonal hydrographic and 531 stability characteristics of the west Greenland coastal current. Towards this end a mooring array is 532 currently deployed west of Cape Farewell across the continental slope and outer shelf as part of 533 OSNAP. Analysis of these data are currently underway. 534
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